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[Title of the Invention] 
SILICON NITRIDE POWDER 

[Abstract] 

[Object] To provide a silicon nitride powder capable of providing a silicon 
nitride sintered body which is high in strength, small in the dispersion of 
strength and size and high in reliability. 

[Constitution] The dispersibility of the silicon nitride powder is 
drastically improved in a mixed solvent by making the silicon nitride 
powder having a surface acidic group amount per B.E.T. surface area of 
0.2 |oeq/m 2 or more and, by using the silicon nitride powder, a formed 
body having high density and uniform quality is obtained and the silicon 
nitride sintered body which is high in strength, small in the dispersion of 
strength and size and high in reliability can be easily formed. 

[Claims] 

1. A silicon nitride powder having a surface acidic group amount 
per B.E.T. surface area of 0.2 |ieq/m 2 or more. 

2. The silicon nitride powder according to Claim 1, wherein an 
average primary particle diameter is 0.5 \im or less and a surface acidic 
group amount per B.E.T. surface area is 1.0 |ieq/m 2 or more. 

3. The silicon nitride powder according to Claim 1, wherein the 
atomic ratio [SiVSi] of silicon [Si*] derived from Si02 to the surface silicon 



[Si] obtained by x-ray photospectrometry (XPS) is 0.01 or more. 

4. The silicon nitride powder according to Claim 2, wherein the 
atomic ratio [SiVSi] of silicon [Si*] derived from Si02 to the surface silicon 
[Si] obtained by x-ray photospectrometry (XPS) is 0.07 or more. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The invention relates to a silicon nitride powder and, more 
particularly, to a silicon nitride powder which gives a highly dense and 
evenly powder-packed formed body necessary to obtain a silicon nitride 
sintered body which is high in strength, small in the dispersion of 
strength and size and high in reliability. 
[0002] 
[Prior Art] 

A silicon nitride sintered body is generally produced by mixing a 
silicon nitride powder with a sintering aid powder of mainly AI2O3 or the 
like in a solvent such as trichloroethane for producing a slurry, mixing a 
binder for formation with the slurry, and then either directly forming the 
obtained slurry by casting or pressure-casting method or drying the 
slurry and forming the dried product by press forming or extrusion 
forming, and firing the obtained formed body after degreasing the formed 
body based on the necessity. 
[0003] 

In such methods, if the sintering conditions such as types, the 
addition amounts, and the like of sintering aids are the same, the 



dispersion of physical properties of sintered bodies, such as the strength, 
the size precision and the like, are affected mainly by the density and the 
packed structure of the formed body. Conventionally, with respect to a 
silicon nitride powder which is to be a raw material powder, in order to 
increase the density of a formed body, the particle diameter and the 
particle size distribution are controlled as described in JP Kokai Hei 
3-159907. However, the silicon nitride powder to be used as a raw 
material tends to be made finely granulated in terms of the improvement 
of the physical properties of a sintered body (for example, Powders and 
Industries, Tsuneo SHIMAMURA, et. al, P.36, Vol. 21, No. 8 (1989)). 
[0004] 

[Problems to be Solved by the Invention] 

However, in the case of using such a finely granulated silicon 
nitride powder as a raw material, there occurred problems that the 
density of an obtained formed body becomes low, that the density of the 
inside of the formed body becomes uneven, and that pores and voids are 
formed. 
[0005] 

Therefore, based on the above-mentioned problems, the present 
inventors have investigated eagerly and found that the dispersibility of a 
silicon nitride powder in a solvent in a mixing process is significantly 
changed depending on the surface properties of the silicon nitride powder 
and the dispersion state of the silicon nitride powder in the mixing 
solvent affects the powder-packed structure of the formed body and have 
accomplished the present invention. 



[0006] 

Accordingly, an object of the present invention is to provide a 
silicon nitride powder that can provide a highly dense and evenly 
powder-packed formed body and give a silicon nitride-based sintered body 
which is high in strength, small in the dispersion of strength and size and 
high in reliability. 
[00071 

[Means for Solving the Problems] 

That is, the present invention is a silicon nitride powder having a 
surface acidic group amount per B.E.T. surface area of 0.2 jaeq/m 2 or 
more. 
[0008] 

Use of a silicon nitride powder having a surface acidic group 
amount per B.E.T. surface area of 0.2 |ieq/m 2 or more, preferably 0.5 
jieq/m 2 or more, significantly improves the dispersibility of the powder in 
a solvent and makes it possible to obtain a highly dense and uniform 
formed body. On the other hand, the dispersion state of a silicon nitride 
powder having a surface acidic group amount per B.E.T. surface area of 
less than 0.2 ]aeq/m 2 in a solvent is considerably deteriorated and 
agglomeration becomes noticeable. 
[0009] 

Further, in order to control the micro-structure of a sintered body, 
a fine silicon nitride powder with 0.5 jam or less of average primary 
particle diameter is desirably used. In the case of such a fine powder, 
since the agglomeration force among particles is high, in order to carry 



out sufficient dispersion in a solvent, the surface acidic group amount per 

B.E.T. surface area is preferably 1.0 jieq/m 2 or more. 

[0010] 

A mixing solvent is not particularly limited; however, the 
dispersibility in a polar solvent such as an alcohol, water and the like can 
be remarkably improved by controlling the surface acidic group amount 
per B.E.T. surface area of a silicon nitride powder to be in the 
above-mentioned range and the higher the dielectric constant of a solvent 
becomes, the more such tendency is emphasized. 
[0011] 

As the solvent, water is excellent since it has a high dielectric 
constant, is economical and does not require safety measures for 
explosion prevention unlike a combustible organic solvent; however, 
stability of silicon nitride to water could be a matter. With respect to 
such a matter, use of a silicon nitride powder having 0.07 or more atomic 
ratio [SiVSi] of silicon [Si*] derived from SiC>2 to the surface silicon [Si] 
obtained by x-ray photospectrometry (XPS) is effective to carry out 
mixing the powder stably in water. Further, the dispersibility can be 
improved by controlling the surface acidic group amount per B.E.T. 
surface area to be in the above-mentioned range. In the case of using a 
silicon nitride powder with less than 0.07 atomic ratio [SiVSi], the silicon 
nitride is decomposed by water; therefore, it is not preferable. 
[0012] 

The silicon nitride powder having 0.2 jaeq/m 2 or more of surface 
acidic group amount per B.E.T. surface area can be obtained by heating a 



silicon nitride powder synthesized by an imide decomposition method, a 
direct nitridation method or the like in an atmosphere containing 1% by 
volume of oxygen or more or an atmosphere containing 0.5% by volume or 
more steam. The treatment temperature is preferably 500 to 850°C in 
the case of oxygen-containing atmosphere and 200 to 800°C in the case of 
steam-containing atmosphere. 
[0013] 

Since SiC>2 coating film is formed on the silicon nitride surface by 
the above-mentioned heating treatment, the ratio [SiVSi] in the silicon 
nitride surface can be made to be 0.07 or more by controlling the 
treatment duration. 
[0014] 

At the time of mixing the silicon nitride powder with a sintering 
aid powder, wet mixing using a variety of solvents is generally carried out. 
At that time, in order to improve the dispersibility of mainly the sintering 
aid powder, a surfactant or a deflocculation agent is added. However, 
even if the dispersibility of the sintering aid powder in a solvent is 
improved to a far extent, in the case the dispersibility of the silicon 
nitride powder, which is a main component, in the solvent is insufficient, 
agglomeration of the silicon nitride powder takes place and especially in 
wet forming, by a casting formation method or a pressure casting 
formation method, agglomeration of the silicon nitride powder may be a 
cause of uneven density of an obtained formed body and of pore and void 
formation. 
[0015] 



Further, also in the case of carrying out drying and granulation by 
a spray drier or the like, pores may be formed and uneven structure is 
formed during the granulation. Further in the above-mentioned wet 
formation or drying, the higher the agglomeration force among particles 
becomes, the more unevenly the particles of the powder are brought into 
contact with one another with solvent removal, resulting in unevenly and 
sparsely packed structure and an uneven and low density formed body 
formation. 
[0016] 

When shearing force is applied during a step of stirring the silicon 
nitride powder in the solvent, weakly agglomerated particles are 
temporarily deflocculated; however, they are soon agglomerated again 
and, therefore, the dispersibility depends on the equilibrium state 
between deflocculation and agglomeration. 
[0017] 

With respect to a polar solvent, electrostatic repulsive force 
attributed to the electric charge on the powder surface contributes to the 
dispersibility by suppression of the re-agglomeration and in order to 
effectively draw the electrostatic repulsive force, it is required to cover 
the surface of the silicon nitride powder particles with the solvent at first. 
That is, if the wettability of the silicon nitride powder to the solvent is 
low, the dispersibility of the silicon nitride powder is poor and the solvent 
does not penetrate agglomerates formed, not to speak of the immersion in 
the solvent and the penetration into the particles of the powder forming 
the agglomerates, and even if shearing force is applied, it is supposed to 



difficult to easily cause deflocculation. 
[0018] 

Contrarily, since the silicon nitride powder according to the 
present invention has a sufficient amount of the surface acidic group with 
high affinity with a polar solvent to wet the entire powder surface with 
the solvent, the wettability to the solvent is remarkably improved and the 
dispersibility of the powder in the solvent can be considerably improved. 
[0019] 

Further, in the case of using water as the polar solvent, silicon 
nitride is decomposed by water. However when a silicon nitride powder 
with the above-mentioned atomic ratio [SiVSi] of 0.07 or more is used, 
decomposition by water can be prevented by Si02 coating film existing on 
the surface of the silicon nitride powder. 
[0020] 

It is noted that the surface acidic group amount per B.E.T. surface 
area and the [SiVSi] ratio in the present invention was measured by the 
following methods. 
[0021] 

(Surface acidic group amount per B.E.T. surface area) 

After a silicon nitride powder was vacuum dried at 110°C for 12 
hours, 10 g of the resulting powder was measured, loaded into a flask 
made of polypropylene, mixed with 100 ml of an aqueous 1/100 N NaOH 
solution and shaken at 25°C for 4 hours. The resulting powder was 
subjected to centrifugal separation and precipitated and 25 ml of the 
supernatant solution was measured and subjected to titration analysis by 
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using an aqueous 1/100 N HC1 solution and phenolphthalein as an 
indicator. Similarly, a blank test was carried out in a system free from 
the silicon nitride powder and the surface acidic group amount per B.E.T. 
surface area was calculated based on the following equation using the 
titration analysis value of the blank test as a standard value. The 
measurement was repeated five times for each sample and the average 
value was used as the measured value. 
[00221 

Surface acidic group amount per B.E.T. surface area (p,eq/m 2 ) = 

100/25(5 -X)^K innn , . 

xlOOO, wherein 

W •S 



X: Titrated amount of aqueous HC1 solution (ml); 

B: Titrated amount in blank test (ml); 

K: Normality of aqueous HC1 solution (N); 

W: Weight of silicon nitride powder (g); and 

S: B.E.T. surface area of silicon nitride powder (m 2 /q) 
[0023] 

([SiVSi] ratio) 



After a silicon nitride powder was vacuum dried at 110°C for 12 
hours, the powder was subjected to degassing treatment in a preliminary 
chamber for XPS at a room temperature in vacuum of 10~ 4 to 10" 5 torr for 
1 to 8 hours and the resulting sample was introduced into an analysis 
chamber, measurement was carried out after the vacuum degree in the 
background was decreased to 10~ 10 torr level. The total silicon [Si] in the 
surface was measured based on the Si2P peak. Further, the waveform of 



the Si2p peak was separated and it was assumed that the peak of 103.4 
eV ± 0.5 eV was attributed to [Si*] derived from the Si0 2 and the [SiVSi] 
ratio by atom was calculated. ESCA 5400 MC manufactured by Perkin 
Elmer Co. was employed for the measurement and monochrome AlKa was 
used as the x-ray source. 
[0024] 

Hereinafter, examples of the present invention will be described; 
however, the present invention is not limited thereto. 
[0025] 
[Example 1] 

Silicon nitride powders having the characteristics shown in Table 
1 were obtained by heating silicon nitride powders with 96.0% of 
a-crystallization ratio and 0.2 jam of average primary particle diameter in 
N2 atmosphere containing 10% by volume of steam or in atmospheric air. 
[0026] 

Next, 92 parts by weight of each silicon nitride powder was added 
with 5 parts by weight of Y2O3 with 0.25 jam average primary particle 
diameter and 3 parts by weight of AI2O3 with 0.15 jam average primary 
particle diameter as sintering aids and further added with ethanol in an 
amount of 70% by weight to the entire powder amount and, after the 
resulting mixture was mixed at 100 rpm for 48 hours by a ball mill made 
of nylon, a binder in an amount of 0.5% by weight to the entire powder 
amount was added and successively mixed for 1 hour. After being 
vacuum defoamed, the obtained slurry was loaded into a porous die and 
subjected to pressure casting formation in 30 kg/cm 2 pressure to obtain a 
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formed body of 10 cm x 10 cm x 5.5 mm 2 . After the formed body was 
dried at 100°C for 12 hours, the density was measured at the points 
shown in Fig. 1 by a y-ray measurement device for measuring the density 
in ultrafine parts. The measurement results and the viscosity of each 
slurry before formation are shown in Table 2. Further, the bulk density 
calculated from the weight and the size of each formed body is also shown 
in the same table. 
[0027] 

Each formed body after drying was cut and polished into 16 
specimens with a size of 8 mm x 48 mm x 5.5 mm 2 . The specimens were 
degreased at 750°C for 3 hours and fired at 1720°C for 5 hours in N 2 
atmosphere and then subjected to HIP treatment at 1720°C for 3 hours in 
N2 of 1000 atmospheric pressure. 
[0028] 

The density of each obtained sintered body was measured by 
Archimedes' method and, after the thickness was measured, each 
specimen was processed to be a transverse test piece according to JIS R 
1601 and subjected to a four-point bending test. The results are shown 
in Table 2. 
[0029] 

From the results in Table 2, in the case of using the silicon nitride 
powders (C to I) of the present invention, the viscosity of each slurry was 
found decreased attributed to the improved dispersibility in ethanol as 
compared with the case of using the powders (A and B) of Comparative 
Examples, and a formed body with a high density and small 
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density dispersion was obtained. It was found that the average strength, 
the Weibull coefficient and the size precision were remarkably improved. 
[0030] 
[Example 2] 

With respect to the silicon nitride powders A to I shown in Table 1, 
formed bodies similar to those of Example 1 were produced from the 
powders using water as a solvent in the following steps. 
[0031] 

92 parts by weight of each silicon nitride powder, 5 parts by 
weight of Y2O3 and 3 parts by weight of AI2O3 used in Example 1 were 
made ready and ion exchanged water, the pH of which was adjusted to 9.5 
with ammonia, in an amount of 48% by weight to the total powder 
amount was added to the silicon nitride powder and mixed at 100 rpm for 
12 hours by a ball mill made of nylon and, successively, Y2O3 and AI2O3 
were added to the resulting slurry and mixed for 12 hours and further a 
binder in an amount of 0.5% by weight to the total powder amount was 
added and further mixed for 1 hour. When the pH of each obtained 
slurry was measured, the respective pH values of the slurries of the 
silicon nitride powders A, B, E and G were found increased to pH 11.2, pH 
10.7, pH 11.0 and pH 10.8, respectively and it showed that decomposition 
of the silicon nitride powders by water took place. 
[0032] 

After each slurry was subjected to vacuum defoaming and formed 
bodies and sintered bodies were produced in a similar manner to that of 
Example 1 and the characteristics of the formed bodies and the sintered 
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bodies were measured. The results are shown in Table 3. 
[0033] 

From the results in Table 3, in the case of using the silicon nitride 
powders (C to I) of the present invention, similarly to the results (in Table 
2) of Example 1, formed bodies with high density and small density 
dispersion were obtained as compared with the case of using the silicon 
nitride powders (A and B) of Comparative Examples and the sintering 
properties were also found to be improved. 
[0034] 

Further, with respect to the silicon nitride powders A, B, E and G 
with a [SiVSi] ratio of less than 0.07, decomposition by water took place 
and the characteristics of the formed bodies and the sintered bodies were 
deteriorated as compared with the characteristics in the case of using 
ethanol as a solvent (Table 2). However, with respect to silicon nitride 
powders C, D, F, H and I with a [SiVSi] ratio of 0.07 or more, no 
decomposition by water took place and the characteristics of the formed 
bodies and the sintered bodies were found to be improved as compared 
with the case of using ethanol solvent. 



13 



CO 
cq 



cq 



00 

o 



o 

cd 
> 



CD 

CO 

CD 
Sh 
ft 

cd 



CO 
cq 



o 

CM 



CD 
O 



o 
o 



o 

CM 

o 



o 
o 



CD 

cd p< 

i h 



PQ 



i — t CD 
CO 

o cd 

O 



CD 

CD 

o > 

^ ft 
CO 



cq 

CO 



CO 

cq 



CO 

o 



ft 


CM 








s 






&w 


CD 


o 


• 1-1 


o PQ 




cd 


cd 


.2 CD 

o a. 


cd 

CD 


•»— i 


o 

•rH 




$-> 

cd 




a 


rface 
noun 


face 


* 

22, 


o 




sur 







o 

CO 



to 

O 



o 



The present invention 




o 

U5 


1.679 


0.007 


1.678 


4.410 


0.024 


CO 
CM 
rH 


cq 
oq 


w 


00 

1a 


1.675 


0.007 


1.675 


4.406 


0.025 


^ 

CM 

rH 


cq 

cq 


o 


CO 
CO 


1.670 


600 0 


1.669 


4.400 


0.030 


cq 
cq 

rH 


r-f 

cq 




o 

<M 
CO 


1.668 


0.010 


1.668 


4.401 


i 

0.028 


cq 
cq 

rH 


rH 

cq 




1030 


1.633 


0.017 


1.634 


4.367 


0.054 


CD 
rH 
rH 


CO 
rH 


Q 


1000 


1.635 


0.015 


1.634 


4.368 


0.053 


rH 
rH 


OS 
rH 


O 


1330 


1.620 


0.017 


1.620 


4.359 


0.059 


in 

rH 
rH 


CO 
rH 


> 

cd ex 
cd S 


CQ 


2400 


1.586 


0.033 


1.585 


4.323 


0.118 


o 

rH 


rH 


cl cd 
c? X 
I H 


< 


2650 


1.581 


0.036 


1.582 


4.320 


0.125 


o 

rH 


CO 
rH 


Silicon nitride powder No. 




Average 
density 


Dispersion 
width 


Density 


Average 
thickness 


Dispersion 
width 


Bending 
strength 
(kg/mm 2 ) 


Weibull 
coefficient 


v viscosity (CP) 


>» 

fl 3 oj g * 


Bulk body 


Thickness 
size (mm) 


Strength 


Slurr 

1 


Density of 
formed body 
(g/cm 3 ) 


Characteristics 
of sintered body 



The present invention 




o 

CO 


us 
ai 


1.850 


0.007 


1.856 


4.554 


0.012 


CO 
CM 

T-H 


co 

CM 




g 


ia 
oi 


1.842 


0.006 


1.853 


4.554 


0.012 


CD 
CM 
i-H 


LO 

CM 


O 


2030 


10.8 


1.769 


0.022 


1.769 


4.490 


0.058 


T-H 
T-H 


CO 

T-H 




1050 


LO 


1.807 


0.009 


1.808 


4.521 


0.015 


CO 

CM 

T-H 


CM 


H 


2890 


11.0 


1.706 


0.020 


1.705 


4.430 


0.062 


CM 
t-H 

T-H 


t-H 


Q 


2300 


CO 

cd 


1.720 


0.012 


1.721 


4.462 


0.031 


CO 
CM 

T-H 


o 

CM 


O 


2850 




1.698 


0.014 


1.696 


4.428 


0.033 


o 

CM 
t-H 


O 

CM 


irative 
nple 


PQ 


4950 


10.7 


1.585 


0.035 


1.592 


4.322 


0.124 


O 
O 
t-H 


CM 
t-H 


Compg 
Exai 


< 


5500 


11.2 


1.583 


0.042 


1.584 


4.322 


0.134 


CO 
CD 


CM 

T-H 


d 


Viscosity (CP) 




Average 
density 


Dispersion 
width 


Density 


Average 
thickness 


Dispersion 
width 


Bending 
strength 
(kg/mm 2 ) 


Weibull 
coefficient 


Silicon nitride powder ] 




W 


Density 
measured by 
y-ray in 
ultrafine 
part 


Bulk body 


Thickness 
size (mm) 

i 


Strength 




Slurry 


Density of 
formed body 
(g/cm 3 ) 


Characteristics 
of sintered body 



[0038] 

[Effects of the Invention] 

As described above, use of silicon nitride powders B, E and T with 
increased surface acidic group amount per surface area of the present 
invention remarkably improves the dispersibility in a mixing solvent and 
gives highly dense and uniform formed bodies and accordingly silicon 
nitride-based sintered bodies which are high in strength, small in the 
dispersion of strength and size and high in reliability can be easily 
obtained. 
[0039] 

Also, use of silicon nitride powders with increased ratio [SiVSi] of 
silicon [Si*] derived from SiC>2 to the surface silicon [Si] obtained by XPS 
in addition to the increased surface acidic group amount per B.E.T. 
surface area makes it possible to use water as a solvent and, therefore, 
highly dense and uniform formed bodies can be produced. Accordingly, 
silicon nitride-based sintered bodies with excellent characteristics can be 
economically obtained. 
[Brief Description of the Drawings] 

Fig. 1 illustrates density measurement points in a formed body. 
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Size unit: mm 



[Amendment] 

3. The silicon nitride powder according to Claim 1, wherein the 
atomic ratio [SiVSi] of silicon [Si*] derived from Si0 2 to the surface silicon 
[Si] obtained by x-ray photospectrometry (XPS) is 0.07 or more. 
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Meq/m 2 #Jb©afb4r -Y*»5fc*fl|t>S C 4 (Ci 0 

JB»*s»6tiS. — B. E. T. ilg^OO^I 
BtttSS^ 0.222 eq/m J *«<0fi^b^-<3R«I*tt. 

20 ^*r<o#tttJ^ 
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31±4ft:«>K:tt, B. E. T. ^ffiSS 0 

1.012 eq/m a Ja±"rft4C<b**jfiF*0C». 
[0010] B^««ibT»«FK:|R3e3nttC>*s % a 
fb*^*»"*©B. E. T. ^®S^0co^SaMt4Sm 

*±feBH«:S(itai-r*cd:«:<fc->r, tjvz*-*],. j&m 
c o o i i ] sat LxMzmmm&xt < ^0^1 

^ [XPS] JrO^^ti^I^r^f [Si] <D*>% 
SiQ|{C»K3ns^r-r3R [ Si*] <Df^#J^it [ si* 
/Si] ro.07fil±oa<b^-r*»i**ffl(r**c4«:j: 

40 e. t. mmm^<Dmwm&mmz±Mzmmicmwr 

SCi-C»»tt*I»SCi*sriFS. K [ Si* /Si] 
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5. COBS. 3E*C. ^tt*Jt95E<7)»fitt*ifiil±S-&5 
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< &m~? h c t *irt 
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^Dt"-^S:SiQi*C»JRSnS^r^aR [ Si"] iOt 
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•5. 

CO 0 3 9 ] tit, B, E. T. SmmH3 t )<D$kW®\± 



1] SiQ,«lJ§J||3iT.-5.-5r^lR [ Si'] ©S9£- t 



(7) 



5-238710 



mi) 



100 



I I I I t 



93 : adSjS ( n = 2 1 ) 
tfSMfctt : mm 



mmm] wat^i o^ua 

(^iRfliiE 1 ] 



[l*3P9( 3 ] X«Hfc*3yWfc [ X P S ] «t*33}tSt)^*T, 

^mm-tr^m [si] sio,tcj§mztiz>r-{m 

[ Si'] <Df4-^*5JMT-i± [ Si - /Si] -CO^OZtLhT** 



